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8 Celestial Holographypurportsadual.it#ybetweengravitationa1 scattering
in asymptotically flat spacetimes and a CFT living on the celestial sphere .

8 Celestial Amplitudes are 5-matrix elements in a basis where they transform as
conformal comelators in D-2 .
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Today we will review the current status of this dictionary .

0 Part I Asymptotic Symmetries

8 Part II Celestial Amplitudes
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The first step is to match the symmetries on both sides of the proposed
duality . . .
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Lorentz transformations of Minkowski space act as global conformal
transformations on the celestial sphere .



For what follows we will want to keep in mind how to connect position
and momentum space descriptions of the scattering problem
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For 5-matrix elements we would typically specify a set of on-shell momenta
for the in and out particles .



while in position space we need to specify the field configurations
on early and late Cauchy slices .

→
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For gravitational scattering we want to allow fluctuations of the
bulk geometry and will specify the free data at the conformal boundary .



Let's look at the Penrose diagram for Minka .

The causal structure of
the boundary will be the same for asymptotically flat spacetimes .
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Massless excitations enter and exit along null hypersurfaces I-1=-112×5?
We call this 5h cross -section the celestial sphere .



Let's compare this to the free mode expansion of the field operators :
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The saddle point approximation localizes the momentum direction to
align with the corresponding point on the celestial sphere .
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For massive fields we have a similar identification between the late
time momentum and a point on the hyperboloid resolving timelike infinity .
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we're interested in gravitational scattering in spacetimes with 1=0 .

The

outgoing radiation is captured by the behavior of the metric at large r , fixed u .
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Residual diffeomorphisms that preserve the falloffs and act non - trivially
on the asymptotic data are part of the Asymptotic SymmetryGroup .

ASG =
Allowed Symmetries
Trivial Symmetries

The ASG will be much larger then the group of isometries of any
given spacetime within this class .
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8 Supertranslations induce angle - dependent shifts in the Time coordinate
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8 Superrotations extend global conformal transformations to local ckvs
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These asymptotic symmetries manifest in scattering amplitudes as
soft theorems

.
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8 The canonical charges are co-dim 2 and can be written as an
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8 Most of the symmetries are spontaneously broken by the vacuum
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Moreover
,
these Ward identities are naturally organized in terms

of currents in a 2D CFT
.

4D ASG <→ Soft Theorem <→ 2D CFT
Ward Identity Ward Identity
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In particular , the subleading soft graviton theorem gives us a
candidate stress tensor

.
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to construct operators with definite 2D conformal weights
we will need to change our scattering basis .
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A conformal primary wavefunction is a function of a bulk point X
"

and a reference point we ① which transforms as follows
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of the Lorentz group .
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5. P
.

,
Shao 47



Taking an inner product of such a wavefunction with the field operator
gives a (quasi) - primary operator with 2D conformal dimensions and spin J .
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These operators carry a ± label indicating in versus out ,
selected by

taking uts ut ie .

u qm

9M = ( It WÑ , w-10 , ilño - wt , I - wñ)

~ ÷xP
5. P

.

,
Shao 47 Donnay,

S.P.
,
Puhm '

20



For m = 0 these wavefunctions are gauge equivalent to a Mellin
transform of on- shell plane waves .
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A similar transform exists when m -40 .
In either case

,
we can apply

this transform directly to 5-matrix elements to land on Celestial Amplitudes .
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By construction , 5-matrix elements in this basis
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By construction , 5-matrix elements in this basis
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This transformation is easily inverted for Si on the principal series
which capture finite energy radiation .

D= It it
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However translations shift the conformal dimension
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It is straightforward to do this transform for low point amplitudes .
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The aim of our map
from 413 5-matrix elements to 2D correlations
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is to be able to use CFT techniques to learn about amplitudes .

④

⑤

④ We are already seeing that this dual CFT is exotic , both in its
complex spectrum ,

and in the singular behavior at n±4pt .
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,
the quantity we want to look at in 413 is also unusual ⑥

because we are probing scattering at all energy scales .
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To understand how to effectively use this framework we must
build up our dictionary !

;

Y.me?i:Ei-iiiiesianYEies#aima*+sme+ry:F÷¥¥÷*÷÷÷:÷j:÷jDressings Vertex Operators

✗ "Ssi"

g.⇒¥ ,
¥-→÷i

Let us now examine how celestial amplitudes encode the
behavior of scattering in various limits
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,
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Since soft theorems motivated this program we should understand
what they translate to in the celestial basis .

f.w*dw wa
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that factorizations at various orders in w- o turn into
factorizations of the residues as A→ special values
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The familiar universal soft theorems correspond to Sfor
which the conformal primary wavefunctions are pure gauge .
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These IS
,
J ) are also special from the point of view of the global

conformal multiple-1s . Primary states
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These correspond to an infinite tower of 'conformallysoft
' theorems
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While the soft theorems of the previous table descend to operators
generating asymptotic symmetry transformations
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These correspond to an infinite tower of 'conformallysoft
' theorems
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Soft factors relate amplitudes with and without an extra single
particle emission /absorption .

Exchanges between the charged external legs exponential so that
amplitudes without soft radiation vanish .

This vanishing can be interpreted as non - conservation for the charges
generating asymptotic symmetry transformations .

One can avoid this vanishing by dressing the operators . m~g.gr
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These dressings can be adapted to the conformal basis .
For ESM

W ;= exp [ - eQ ; %¥_pÉo ( Etna - E✗ µ at )] = ei Qi
Iott ; it ;)

c- D= I TSLl 2 ,E) ascendant

and we see that the dressing takes the form of a vertex operator .
Moreover the celestial amplitudes factorize

A =A soft 1- hard
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1- soft = (eiQ.IO/ZiEil...eiQnEk-niEn1 )

while 1-
hard equals the amplitude for dressed operators .
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The spontaneous symmetry breaking dynamics for the 413
asymptotic symmetries is captured by simple 2D models .

Large
- V11 ) ←→ free boson

with the important observation that the levels of the 2D
current algebra are set by the cusp anomalous dimension in 4D .
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Currents arise from tuning si to special values .

Rather than tuning
i
,
we can tune Zij

= Zi -Zj .

Collinear limits in 4D should be captured by a celestial OPE .
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From translation invariance
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Despite the singular behavior of low point functions ,
collinear limits let

us extract the Ciju .

With this data and our understanding of the spectrum ,
we can apply

CFT machinery to celestial amplitudes .
For example :

8 Using symmetries to go beyond the leading singular terms of
the OPE and constrain correlations .

8 Examining conformal block decompositions to interpret intermediate
exchanges and radial quantization in CCFT.
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Let's take a closer look at 2→ 2 scattering . Starting from the
momentum space amplitude
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the corresponding celestial amplitude can be written as
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The stripped amplitude is probed at all energy scales

ftp.z/--fi0dwwB-1Mlw3-zwY
8 The convergence of this integral for external for external dimensions
on the principal series is tied to the UV behavior .

8 Poles at BE 223 present in field theory are absent in quantum gravity.
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Meanwhile
, expanding M around w=O gives

M = San
,m , rlz-IWZYGNWYmlog.TW/1uv)

8 The logs coming from running couplings give higher order poles in B.

f.
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8 Positivity constraints from amplitudes translate to positivity constraints
on the residues of the simple poles at D= 222 .

I imprint of causality
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We have a framework that

0 makes symmetry enhancements manifest ,

T.mn#Et..::::q-Lorentz Invariance Conformal Symmetry
8 reorganizes soft and collinear limits , qq.snsinagrsi.im#s

Vertex operators

•

• Celestial OPES✗ I.;••.É¥e8 and is sensitive to the deep UV .

We have given examples of

8 how to translate features of amplitudes into objects within the celestial CFT

8 and what kind of properties we can demand of CCFTS .



The next steps forward are to

8 Expand our dictionary
8 Connect to adjacent subfields ①
8 Look for an intrinsic construction
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